44
GlcNAcylation, has a critical role in embryonic development in animals [3] [4] [5] [6] , although the mechanisms 
68
Additionally, given the sub-stoichiometric nature of O-GlcNAc, enrichment of modified proteins is required before 69 they can be identified using mass spectrometry. Derivatization of modified substrates by BEMAD (β-elimination . This is also true of 79 chemoenzymatic and metabolic labeling methods, which can lead to the derivatization and enrichment of off-
80
target glycans and other chemical groups. The drawback of using WGA affinity chromatography is its millimolar 81 affinity for GlcNAc [20] [21] [22] . Although possessing much improved affinity for O-GlcNAc, the anti-O-GlcNAc antibody
We previously observed that a bacterial orthologue of the eukaryotic OGAs, Clostridium perfringens NagJ 
01
Our earlier work on the elucidation of the catalytic mechanism of OGA, using the bacterial enzyme CpOGA as a 02 model, revealed a number of conserved amino acids in the active site involved in catalysis 28, 29 . In particular,
03
Asp298 (equivalent to Asp175 in hOGA) was identified as the catalytic acid that protonates the glycosidic bond,
04
and Asp401 (equivalent to Asp285 in hOGA) was identified as being involved in hydrogen bonding required for 05 the anchoring of the GlcNAc moiety in the active site through its O4 and O6 hydroxyl groups (Fig. 1a) 
93
of proteins belonging to this class, most of these involved in RNA transport and processing (Fig. 3a) .
94
Transcription factors represent 4% of classified proteins and include Dp, Taf6, Cand1, fkh and T-related protein
95
(byn orthologue). In mouse synaptic membranes, kinases have been shown to be more frequently O-
96
GlcNAcylated than other protein classes in general (16% versus 10%, p < 3.6 × 10 Table 7) .
20
In contrast, only 3 HexNAc peptide sequence matches were identified in the CpOGA D298N,D401A pull downs (none
21
of which with ETD site assignments) (Supplementary Table 6 ).
23
The majority of the high confidence O-GlcNAc sites are on nuclear/nucleocytoplasmic proteins. Tay (AUTS2 - . 
98
GlcNAc modification of Gug and mop could affect their role in EGF signalling via mechanisms that will need to 99 be further investigated. Nevertheless, given the role of both these proteins in numerous other cell signalling and with respect to specification of the thoracic scutellar bristles (Mariappa et 
11
Embryos from w1118 wild type flies were used. Fly stocks were maintained by flipping vials once every ten days.
12
Embryos (0-16 h) were collected on apple juice agar plates at 25 °C overnight. For embryo collections, flies were 13 assigned from vials in a rack in random order to three separate cages to represent three biological replicates.
14 Collected embryos were dechorionated with bleach and snap frozen in dry ice and stored at -80 ºC until they
15
were processed. Samples were collected over time and on independent occasions in this manner till enough 16 material was obtained for further processing. Lysates were prepared as described below. Bradford assay or
17
Pierce 660 nm protein assay was used to quantify cell lysates.
19
Cell culture
20
HeLa cells were cultured in Dulbecco's modified Eagle's medium (DMEM; Gibco) supplemented with 10% fetal 21 bovine serum (FBS), L-glutamine, and penicillin streptomycin at 37 °C with humidified air at 5% CO2. Cells were 22 plated on 10 cm dishes and grown to 80% confluence prior to harvesting.
24
Protein expression and purification
25
Plasmids containing N-terminally Halo-tagged CpOGA (31-618) were transformed into E. coli BL21-Gold (DE3) 26 pLysS cells (Agilent). Cells were grown overnight at 37 °C in Luria-Bertani medium containing 50 μg/ml 27 Kanamycin (LB-Kan) and used at 10 mL/L to inoculate of fresh LB-Kan. Cells were grown to an OD600 of 0.6-0.8, 
54
All data were double referenced for blank injections of buffer and biotin-blocked Streptavidin surface. Data 55 processing and analysis were performed using Analyser 2 (Sierra Sensors) and Scrubber 2 (BioLogic Software).
57
CpOGA D298N pull downs
58
Halo-tagged CpOGA proteins were purified as described above and coupled to Magne 
93
Tween 20 per wash and eluted by boiling the beads for 5 min in 50 mM Tris pH 6.8 containing 4% SDS and 200 94 mM DTT. Eluates were processed for mass spectrometry as described below.
96
Sample preparation for mass spectrometry
97
Samples were run halfway down precast NuPAGE 4-12% Bis-Tris gels (Invitrogen) and stained in clean plastic 98 containers with InstantBlue (Expedeon) Coomassie stain then de-stained using mass spec grade water (VWR).
99
Each lane on the gel was excised into up to 0.5 cm X 0.5 cm sections and then further diced into 1 mm cubes 00 using a clean scalpel. The excised gel pieces were de-stained till colourless using 50% methanol, rinsed with 01 50% acetonitrile and subsequently with 50% acetonitrile in 50 mM ammonium bicarbonate buffer (wash buffer).
02
In-gel reduction was performed by incubating gel pieces in 10 mM DTT made in 50 mM ammonium bicarbonate
03
for 20 min at RT, then alkylated by adding 50 mM iodoacetamide made in 50 mM ammonium bicarbonate buffer
04
for 30 min at RT in the dark. The gel pieces were then washed several times with wash buffer and dehydrated
05
by incubating for 10 min at RT in 100% acetonitrile. Gel pieces were then swelled with enough 25 mM 06 triethylammonium bicarbonate buffer to cover them and subjected to enzymatic digestion using Trypsin (mass 07 spec grade, Promega) at 5 µg per mL of triethylammonium bicarbonate buffer at 30 °C for 16 h. The solution
08
containing liberated peptides was then collected and more peptides extracted from the gel pieces using 50% 09 acetonitrile containing 2.5% formic acid. Peptides were pooled and dried in a SpeedVac and stored at -80 °C 10 until MS analysis.
12
Mass spectrometry and data analysis
13
HCD and ETD mass spectrometry analysis (or EThcD for RL2 immunoprecipitates) was performed by LC-MS-
14
MS on a Fusion ion trap-orbitrap hybrid mass spectrometer (Thermo Scientific) coupled to a U3000 RSLC HPLC
15
(Thermo Scientific). 50%/10% of the Drosophila embryo samples/HeLa samples were injected. Peptides were 2.0 (Thermo), using Mascot 2.4.1 (Matrix Science), and searched against the Uniprot_DROME database or the
31
Uniprot_HUMAN database as appropriate. Allowance was made for fixed, (carbamidomethyl (C)), and variable
modifications (oxidation (M), dioxidation (M), phospho (S/T) and HexNAc (S/T)). Protein abundance analysis

33
was performed using MaxQuant 1.5.1.7 and data was further analysed using the Perseus software package; 34 significant proteins were identified using a two-tailed t-test (p < 0.05).
36
Drosophila genetics
37
The following fly stocks were obtained from Bloomington Drosophila 
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